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Cancer is the primary cause of deaths in Japan. Both cancer metastasis and relapse are the major issues,
which have not been overcome until now. Cancer cells preferentially metastasize from the primary tumor to the
distant target organs. Especially, carcinomas originating from the breast and prostate preferentially metastasize
to the bone. However, the mechanism underlying bone-tropic metastasis has been unclear for long time. In recent
years, metastatic niches, which are microenvironments that support both metastasis and relapse of cancer, are
proposed. These niches are formed before or after the arrival of cancer cells to the distant target organs. In this
review, I focus on the bone metastatic niche and introduce the mechanisms underlying bone-tropic metastasis in-
duced by the bone metastatic niche regulators. In the pre-metastatic phase, primary tumor-derived pre-
metastatic niche regulators, such as receptor tyrosine kinase MET and lysyl oxidase, can induce the pre-
metastatic niche to support metastatic growth of cancer in the bone. However, post-metastatic niche regulators,
such as VCAM-1, TGF-β, PGE2, IL-6, and periostin, were produced after the arrival of a minor population of cancer
cells, such as cancer stem cells, and supported tumor dormancy, relapse, and bone lesions. Taken together, the
bone-tropic metastasis may be accomplished by the cell-to-cell interaction between cancer cells and host cells
forming the bone metastatic niche through the bone metastatic niche regulators. In the future, development of
novel molecular medicines targeting the bone metastatic niche regulators would be desirable to prevent the for-
mation of metastatic niches in the bone.








立てる，seed and soil theory（環境適応仮説）を提唱
した１）．骨転移には seed and soil theory がよく適合
する．なぜなら，骨基質にはトランスフォーミング
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（mammalian target of rapamycin）/Akt 経路を介し
た生存シグナルが活性化されることが示された．さ
3―83―
Fig.　1　The concept of pre-metastatic and post-metastatic niche6)
The metastatic niches are divided into (A) pre-metastatic niche, and (B) post-metastatic 
niche. In the pre-metastatic niche, primary tumor-produced pre-metastatic niche regulators 
recruit bone marrow-derived cells (BMDC) to the secondary target organ, i.e., the lung, 
before arrival of disseminated tumor cells (DTC) in an endocrine manner, and a suitable 
microenvironment for the metastatic growth of DTC is pre-formed. However, in the post-
metastatic niche, the post-metastatic niche regulators are produced in the secondary tar-
get organ, i.e., the lung, after arrival of DTC in an autocrine or a paracrine manner, and a 


































































（tyrosinase-related protein 2），VLA4（very late an-














分 化 因 子（receptor activator of NF-κB ligand：
RANKL）に依存しない，NFATc1（nuclear factor































た１８）．さらに Src 活性は CXCL12（chemokine C-X-

























Fig.　2　Mechanisms underlying metastatic growth of the bone-tropic breast cancer cells 
and osteolysis induced by formation of the vicious cycles in the secondary bone6)
Cell-to-cell interaction between VCAM-1＋ bone-tropic breast cancer cells and VLA-4＋ 
osteoclast precursors activates the survival signal through the phosphoinositol 3-kinase 
(PI3K)/Akt pathway in breast cancer cells, while differentiates into osteoclasts from 
osteoclast precursors through RANKL-RANK signaling to promote osteolysis. When os-
teolysis due to bone metastasis of cancer is advanced, TGF-β is released from the bone 
matrix that promotes cell growth and induces Jagged1 expression in the bone-tropic 
breast cancer cells. Host osteoblasts expressing Notch recognize Jagged1 expressed on 
the bone-tropic breast cancer cells to secrete IL-6 from osteoblasts, and then IL-6 induces 
not only cell growth in the bone-tropic breast cancer cells, but also RANKL expression 
in osteoblasts to promote differentiation of osteoclast precursors into osteoclasts. CCL2 
produced by bone-tropic breast cancer cells acts on CCR2 expressed on the osteoclast 
precursors to promote osteoclastic bone resorption through RANKL-RANK signaling.
The bone post-metastatic niche contributes in formation of vicious cycles, such as that of 






















SCP28 細胞においてCCL2（chemokine C-C motif
ligand 2）を過剰発現させると骨転移が亢進すると共































Fig.　3　Mechanisms underlying systemic metastases, metastatic growth, and osteolysis 
induced by autocrine PGE2-EP4 signaling in host osteoblasts in contact with bone-tropic 
melanoma cells6) 25) The autocrine PGE2-EP4 signaling in host osteoblasts is involved in 
the post-metastatic niche formed by the bone-tropic melanoma cells. (A) In the soft tis-
sue, the bone-tropic melanoma cell-to-cell contact promotes not only systemic metastases, 
but also subcutaneous tumor growth through mPGES-1-mediated PGE2 production, and 
its autocrine PGE2-EP4 signaling enhances angiogenesis via VEGF-A and bFGF produc-
tion in the stromal fibroblasts. (B) In the hard tissue, the bone-tropic melanoma cell-to-
cell contact induces RANKL expression in host osteoblasts and its autocrine PGE2-EP4 






































































Table　1　Comparison between the host cells forming the bone metastatic niche and the bone metastatic 
niche regulators in the pre-metastatic and the post-metastatic phases
Bone metastatic niche-composed host cells
Bone metastatic niche regulators
Pre-metastatic phase Post-metastatic phase
・Hematopoietic stem cells (HSC) ・Metastasis-associated exosomal MET ・N-cadherin-E-cadherin
・Mesenchymal stem cells (MSC) ・Lysyl oxidase (LOX) ・Thrombospondin-1 (TSP-1)
・Endothelial cells ・TGF-β1
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